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Optimization of Nozzle Shape of a CW Laser Thruster by Nonlinear Programming
 




Abstract: The nozzle shape of a CW laser thruster was optimized by non-linear programming (NLP) to explain the experimental re-
sults that the sub-chamber type nozzle shows superior performance to ordinary convergent-divergent nozzles. A quasi-one-
dimensional CFD code was developed that can deal with plasma flow and laser beam absorption by plasma. The amount of laser 
beam absorption was maximized by optimizing the nozzle shape using NLP.  The results showed that the optimized nozzle shape is a
sub-chamber type nozzle in the case that the inlet diameter of the nozzle is small.








࠸ࡿ 1-3) ࠋ 






ࢬ࣐ࢆLaser-Sustained Plasma (LSP) ࡜⛠ࡋ࡚࠸ࡿࠋ 
ᅜෆ࡛ࡣ 2 kW⣭ࡢ CO2 CW ࣮ࣞࢨ࣮ࢆ⏝࠸ࡓ࣮ࣞࢨ࣮
᥎㐍ᶵ࡟㛵ࡍࡿᇶ♏ᐇ㦂࡞ࡽࡧ࡟ᩘ್ゎᯒࡀᮾி኱Ꮫ࡟࡚
⾜ࢃࢀ࡚࠸ࡿ 5-10)ࠋࡇࢀࡽࡢ◊✲࡟࠾࠸࡚ࠊࣀࢬࣝࡢள㡢㏿






























































ௗ௭ (݁ + ݌)ݑ + ݍ୪ୟୱୣ୰ െ ݍ୰ୟୢ     (3) 





ࡌࡶࡢ࡜ࡍࡿࠋ࢔ࣝࢦࣥࡢ≧ែ᪉⛬ᘧࡣ㟁㞳ᗘࢆ ߙ ࡜ࡋ࡚ 
݌ = (1 + ߙ)ܴܶ                                      (4) 
࡛୚࠼ࠊ໬Ꮫ✀࡜ࡋ࡚ࡣ Ar, Ar+, e-ࢆ⪃៖ࡋࠊ㟁㞳ᗘࡣ Saha
ࡢᘧ࠿ࡽ⟬ฟࡋࡓࠋࡇࢀࡲ࡛ࡢᐇ㦂࡛ሗ࿌ࡉࢀ࡚࠸ࡿ LSP





ௗ௦ = െߢܫ                                           (5) 
ࢆ⏝࠸࡚୚࠼ࡿࠋ྾཰ಀᩘ ߢ ࡟ࡘ࠸࡚ࡣ㏫ไື㍽ᑕ࡛࠶ࡿ
ࡇ࡜࠿ࡽࠊ࢖࢜ࣥ࡜୰ᛶ⢏Ꮚࡑࢀࡒࢀࡢ྾཰ಀ  ᩘ




ഊ೅ െ 1ቅ               (6) 
݇ே = 9.60 × 10ିହܶଶܣ(ܶ)ߣଷ݊௡݊௘ ቄ1 െ ݁ି
బ.బభరయఴఴభ
ഊ೅ ቅ   (7) 












࠸ࠋࡋࡓࡀࡗ࡚ࠊኚᩘࢆ 1 ࡘቑࡸࡋࡓ 3 ḟ㛵ᩘ࡛ࣀࢬࣝቨ
㠃ࢆ㏆ఝࡍࡿࡇ࡜࡜ࡍࡿࠋࡍ࡞ࢃࡕࠊࣀࢬࣝቨ㠃ࡣኚ  ᩘ
ݔଵ, ݔଶ ࡟㛵ࡍࡿḟࡢ 3ḟ㛵ᩘ࡛㏆ఝࡉࢀࡿࠋ 
ܣ(ݖҧ) = ߨ(ܴ୲୦୰୭ୟ୲ × തܴ)ଶ                             (8) 
തܴ(ݖҧ) = ቀ1 െ ݔଵ െ ݔଶ െ ோ౟౤ౢ౛౪ோ౪౞౨౥౗౪ቁ ݖҧ
ଷ + ݔଵݖҧଶ + ݔଶݖҧ + ோ౟౤ౢ౛౪ோ౪౞౨౥౗౪(9) 
























































 ᅗ 3 ࡟ࣀࢬࣝධཱྀᚄࡀ 4 mm ࡜ 8 mm㸦ᅗࡢ୰࡛ࡣ
ܴ୧୬୪ୣ୲/ܴ୲୦୰୭ୟ୲ = 4, 8࡜♧ࡍ㸧㸪ࢫ࣮ࣟࢺ࠿ࡽࣀࢬࣝධཱྀࡲ࡛ 
25 mm࡜ 50 mm㸦 ܮ୧୬୪ୣ୲/ܴ୲୦୰୭ୟ୲ = 25, 50)ࡢሙྜ࡟࠾ࡅࡿ᭱
㐺໬ࡉࢀࡓࣀࢬࣝቨ㠃ࡢᙧ≧࡜࣮ࣞࢨ࣮྾཰㔞ࢆ♧ࡍࠋ㍈
ୖ఩⨨ 0 mm ࡀࣀࢬࣝࢫ࣮ࣟࢺ㒊࡟ᑐᛂࡋࠊ࣐࢖ࢼࢫ᪉ྥࡀ
ࣀࢬࣝධཱྀ࡛࠶ࡿࠋ๪ᐊࡢ༙ᚄࡢୖ㝈࡜ࡋ࡚ࡣࠊࣀࢬࣝධ
ཱྀᚄࡢࡶࡢ㸦๪ᐊࢆタࡅ࡞࠸༢⣧࡞ඛ⣽ࣀࢬࣝ࡟┦ᙜ㸧࡜ 





ࡣࠊධཱྀ࠿ࡽࢫ࣮ࣟࢺࡲ࡛ࡢ㊥㞳ࡀ㛗࠸ ܮ୧୬୪ୣ୲/ܴ୲୦୰୭ୟ୲ = 50
࡛ࠊܴ୧୬୪ୣ୲/ܴ୲୦୰୭ୟ୲ = 4࡛ 332.2 Wࠊܴ୧୬୪ୣ୲/ܴ୲୦୰୭ୟ୲ = 8  ࡛1994 
W ࡜ࠊࣀࢬࣝධཱྀᚄࡢ㐪࠸࡟ࡼࡾ࣮ࣞࢨ࣮྾཰㔞࡟ᕪࡀ⏕
ࡌ࡚࠸ࡿࠋࡇࡢഴྥࡣࣀࢬࣝධཱྀ࠿ࡽࡢ㊥㞳ࡀ▷࠸ 
ܮ୧୬୪ୣ୲/ܴ୲୦୰୭ୟ୲ = 25  ࡛ࡶྠࡌ࡛࠶ࡾࠊܴ୧୬୪ୣ୲/ܴ୲୦୰୭ୟ୲ = 4  ࡛
94.62 Wࠊܴ୧୬୪ୣ୲/ܴ୲୦୰୭ୟ୲ = 8  ࡛1751 W࡛࠶ࡿࠋ୍᪉࡛ࠊ๪ᐊ
༙ᚄࡢୖ㝈ࢆࣀࢬࣝධཱྀᚄࡼࡾࡶ኱ࡁࡃࡋࡓࡶࡢ㸦ලయⓗ

















Throat diameter 1 mm
Inlet diameter 4, 5, 6, 8 mm
Straight section length 25, 50 mm
Propellant
Argon Ar, Ar+, e-
Mass flow rate 110-4 kg/s
Inlet Stagnation pressure ExtrapolationStagnation temperature 300 K
Laser Wavelength 10.6 PmPower 2000 W
ᅗ 3 ධཱྀᚄ࡜๪ᐊᚄ࡟ᑐࡍࡿ᭱㐺໬ࡉࢀࡓࣀࢬࣝቨ㠃
ᙧ≧࡜࣮ࣞࢨ࣮྾཰㔞ࠋ
ᅗ 4 ࣮ࣞࢨ࣮྾཰㔞ࡢẚ㍑㸦ܮ୧୬୪ୣ୲/ܴ୲୦୰୭ୟ୲ = 50㸧
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